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oi the Andean highlands ai

iiU:iabitants

scenario for the pre-Hispanic past. Because of this, we must be careful about

interpreting plant taxa that possibly could have entered the archaeological record

via burned dung. To better understand the sources of small seeds in xerophytic

Andean sites, we charred samples of modemdung from three regions in the Andes

to assess their charred seed contents. Wefind that seed contents in charred dung

differ by region and by animal. Our data suggest that certain co-occurrmg seed

likely dung signatu

RESUMEN. En

los habitantes necesitan usar regularmente estiercol como combustible. Este uso

como combustible es tambien un escenario probable para el pasado prehispanico.

Por ello, debemos tener cuidado acerca de la interpretacion de taxa vegetales que

posiblemente puderian haber entrado en el registro arqueologico por via aei

estiercol quemado. Preocupadas acerca del origen de semillas pequenas en sinos

arqueologicos andinos en ambientes secos, llevamos a cabo un expenmen

quemando estiercol animal moderno para estudiar su contenido 'l^^P"^^

carbonizarlo. Hemosquemado una serie de estiercoles animales modemosde tres

regiones de los Andes. Presentamos los resultados de «tos experimentos

quemando estiercol moderno de
los Andes

difieren por region y por animal. La co-presencia de ciertos
'^^l'''''^'?^^^"^^,

comiin para los camelidos como para ser considerados probables

estiercol, a tomarse en cuenta al hacer interpretaciones de dates.

AndesRESUME.- Plusieurs parties des Hautes-Terres des Anaes ^^''\;^ ^^^^^
pres. Dans ces zones, les habitants doivent utiUser '^s excrem

^_^^^durant
•^umDustible. Un tel usage des excrements, a pu ^lx. .^r-

-nfpmretons des
prehispanique. Ainsi, nous devons etre prudents lorsque nous mte^

^^
donnees

Preoccupes parL^ictis a excrements brules. i"reoccupei> pcii i ^^^x^- ^ -
nrocede a une

de sites environnementaux sees des Andes, nous avons p
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experimentation en carbonisant des excrements d'animaux modernes pour

connaitre leur contenu apres la carbonisation. Nous avons carbonise une serie

d'excrements d'animaux contemporains provenant de trois regions andines. Nous

presentons les resultats de ces experimentations visant a evaluer le contenu

carbonise des graines provenant d'excrements d'animaux modernes des Andes.

Nous avons decouvert que les taxons de plantes different selon chacune des trois

regions andines par region et par animal. Certains taxons cooccurrents se

presentent assez frequemment dans le cas des camelides pour etre traites comme

des ''signatures" d'excrements pouvant etre prises en consideration dans

I'interpretation des donnees.

The goal of this study was to assess burnt animal dung as a source of seeds in

archaeological soil flotation samples from the Andes of South America. Dung is a

commonconstituent of flotation samples from the Andean highlands (Browman

1986:140; Hastorf 1993; Lennstrom 1991; Johannessen and Hastorf 1990; Pearsall

1983, 1988, 1989; Wright, Hastorf, and Lennstrom, in press). Dung is also a pre-

ferred fuel source for many uses today in the high, dry grassland regions of the

Andes mountains (Winterhalder, Larson, and Thomas 1974). Archaeologists have

found dung fragments in excavated soil flotation samples for some time and are

aware of its importance as a fuel source (Brovv^man 1986; Pearsall 1988). The extent

of dung use and it's impact on the interpretation of plant assemblages from ar-

chaeological sites continues to be an issue in paleoethnobotanical interpretation.

Thus, we set out to assess what seeds occur in dung, what happens taphonomically

to those seeds when they are burned, and how the seeds in dung reflect the local

Andean environment. Wehope our data may contribute to better modeling of this

aspect of past human behavior and plant use.

llama

ETHNOGRAPHYOFDUNGUSE

from many domesticated animals, e.g., c
uinea

amelid

samples. Webelieve that domestic camelids

most im
most archaeological settings. Llamas are the more common
pacas may also provide dung. Llamas and alpacas mark their

in mounds. Thus, thpir duncr Jc pagiI^/ i-r»ll^rfoH fm^m hr*fV» mraled or free ranging

KTv^n-mpnK in floatedanimals. Camelid dung is lar£

soil samples are identifiable.

In the Andes, the traditional cooking fire is most often a small hearth, with

baked earth sides, placed against a wall. Where hearths are protected from wind,

they are typically above-ground and thus oxidizing in nature. Most are fuele

heavily twice a day, then left to smoulder for hours. Most habitation compound^

have a pile of fuel in the cooking area. Some families maintain a dung pile mthei

nearby corrals that is periodically treated to make it better fuel (Sikkink 1

W

Dung, twigs, maize cobs, straw, and wood are used in these fires (Joh^'^^^^^^j

in the Jauja region of Peru Qohannessen

preferred traditional c

mmodemBolivia and Peru use larM Quantities of came
fuel for
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roasting meat, potatoes, vegetables, and cheese. These slow and steadily burning

remain

(19*^4)

the preference for camelid dung as fuel in the open-air firing of pottery, built and

burned above ground.

ARCHAEOLOGICALPATTERNS

In our work with archaeological materials from the Middle Horizon site o(

Tiwanaku^ in Bolivia (ca. AD400-1000), camelid dung remains show a distinctive

depositional pattern among the excavation areas (Wright, Hnstorf, nnd Lennstn»m,

in press). It would appear that in many areas, dung is being treated differently

from other refuse. Not all areas within Tiwanaku display the same intensity of

dung use. For example, dung is more likely than other archaeobotanical remains

to occur discretely in pits rather than being distributed across floor and living

surfaces. Wehave suggested that these patterns of dung distribution at Tiwanaku

may reflect not only the inhabitants' use of dung as fuel, but also their conceptions

of purity and spatial boundedness, including social and possibly etlinic or moiety

differences at that capital city.

In addition to pieces of dung recovered from the flotation samples, we have

also found many seeds that might have entered the record by way of dung burn-

ing. Clearly dung was at settlements and was probably used as a fuel. What we

hope to clarify here is the range of plant taxa represented by and the conditions of

the seeds that might have entered the site through the use of dung as fuel. These

results will inform interpretations of the archaeobotanical evidence in different

Andean cultural contexts.

Seeds in Andean dung. —The vast majority of seeds recovered from samples exca-

vated at Tiwanaku^ are of small weedy taxa that could be from animal dung, ^^e

decided that a controlled study of the seeds in modern burned dung samples ot

known provenience would contribute to our understanding of the Andean

archaeobotanical samples, not only from the Tiwanaku excavations, but trom dry-

environment archaeological sites in general. Weneed to better understand the

sources of seeds that we find in our soil flotation samples in order to better inter-

pret the activities they represent. n<jui\

Miller (1984, 1997), Miller and Smart (1984), and Miller ^"^ ^leason (1994

have shown for Old World sites that small seeds may come from dung l^umed a

the site. Burned dung is particularly likely to be the source of small ^v^^^'
^,t

of dry enviromnents such as steppes and high mountain regions ^^^^^
«^jl^ ^^^^^^^

of fuel are scarce. However, we cannot simply assume that all

-^f\^f'll'^^^
ered from flotation on sites in dry enviromnents are from dung (HiHrnan Legge,

and Rowley-Conway 1997). There are many paths by which seeds enter the ar

chaeological record (Pearsall 1988). TT«,v<.rciH'r.f Tali-

Hastorf s Archaeobotany Laboratory - now housed at the U™«rs^^
°J f^^

fomia at Berkeley - over the years has received samples
°["'^"!^^^^^^^_

highland regions of Peru, Argentina, and Bolivia, locattons -h<^^ ^ ^a', e parhc,

pated in arlhaeological excavations. The plant communihes a^ a.lable to grazing
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animals in these areas are known, so we may determine the plant taxa actually in-

cluded in the dung, and more importantly, identify the taxa which survive burning,

Such a study of plant use and seed transformation also provides a means to

investigate ecological zone use archaeologically, since it is known that contempo-

rary and prehistoric Andean plant assemblages vary quite dramatically by altitudinal

zone (Pulgar Vidal 1946; Weberbauer 1945). If dung samples from different areas

and various animal species produce readable "signatures" of weedy plant assem-

blages that reflect local plant communities, this study will provide a more concrete

understanding of seed densities and taxa attributable to archaeologically bumt dung,

as oDDOsed to direct human use of the small seed taxa.

METHODS

Pre- tests. mimic the most likely typ

small

initial pre-test of five camelid dune burnings was undertaken

ing the atmosphere, temperature, and length of heat treatment. In addition, one

control dune samnle was analvzed unburned. The oxidized samples were burned

environment usine wood matches

micro

metal

over a Bunsen burner until charred. Burning time was five-six minutes for the

oxidizing samples and 210-240 minutes for the reducing samples. Samples were

from 200° to 600° C. The temperat

temperatur

mg samples was neither controllable nor accurately meas
burnings were completed in an attempt to determ

preservation in flotation sample dung

total seed counts were 21.0 seeds/10 gmsample for the reducmg atmospn^x^

(n = 2), 20.3/10 gms for the oxidizing atmosphere (n = 3), and 29/10 gms in the

unburned sample (n = 1). These figures indicate that 1/3-1/4 of the seeds are de-

stroyed during the burning process. However, the burning did not seem o

selectively destroy any particular taxon. The differences in seed counts between

oxidizing and reducing conditions was not significant either. In addition, the rela-

the burning

This

small, com

mal

Since the differences between oxidizing and reducing atmospheres were mi '

time

Though

_ this

)ened

dung

would have been covered by ash sufficiently to have been burned in a reducmg

most was burned with an open flame

The burned samples. —From our Archaeobotany La
25 additional samples of dune, mosflv camelid

selected

known locally as cuy) and eoat (Cavra sdp.^ from three
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unid

17%

smigrass

21%

Total Unburnecl(n=1)

48%

Irggrass crucifer

2%cheno 5%

malvac

7%

unid

12%

smigrass

17%

Total Reducing (n=2)

55%

Irggrass

P'a"^9 Irgsolan

lump 2% 2%
7%

unid

20%

smigrass

10%

Total Oxidizing (n=3)

ret)un

46%

FIGURE 1.- Pre-tests only: Pie charts showing relative composition
«J^f J^^"^

Bolivian camelid dung samples, untreated and treated by reducmg and oxid.zmg

atmospheric burning conditions. For pie slice headings, see Appedix 1 b.
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TABLE 1. sam

Argentina

Guinea Pig Goat Camelid Total

Peru

Bolivia q

3 3
5

Total

7 12

16 16

5 3 23 31

Jauja

further
sample. For comparison

mpntmn^rl ^Ur. 7 t>""'^« F^g uung. /\10ng Wltn trie SIX t(

"1!^""'' *°?' "'^. '"^ly^'^d a total of 31 ten-gram samples. The
^ animal

Table 1

.

camelid dung from
sam

much
from Bolivia; 23 of the 31 are from camelids. Weand p^n^Ur^c^A i-u

,
-wx.via, ^^ ui uie^i are t\

™rth we^sfA
'

;'r ''T'^f °'S°^' "^""S ^°"<=-'^d f™-" "- v„.e,» .».

Peru- seven nf r r j j
samples of dung came from the Mantaro Valley m

of gu'inea ni7^,
^"® "'^''^ collected in the nearby high puna; five samples

JjT'r?. .'^™S were collected from a household on the Mantar^
'

"
" " -

in

in

fromthe site of Tiw;,n v • V ^ ^t;rivea rrom the fenced enclosure surrounding

montane va"rtio^^^^
"^''^^"'"'' ""^ ^^^^^''' ""''' ^"^^ ™'''^' ^" ^'^^ '''''''

burn^n r'w "^T
~ """"' °' '^^ samples to be burned v

,T^t^''''V''^'^-^ the bum time once com

more open flame
ignited wood tinder for about five minutes. When

burned residue w ^7'^ ''''"^^^ (aitliough sometimes still burning embers), tne

and prodding With Lll1*T.^l'„ ^^^"^^ geological sieves, gently shaking

mmwere used to
^'t^paration. bieves of 2 mm, 1.1» mm,anu v.^

-id^zing treatmenut!^!J'r^^ '^^.'^''^^' *^ -^^^- T^! ^^^.'^^ ^!!
tortious whirh w=.c I,

7^^^'^" t" retam their shape and had minor charring coxr

a microscope at 5x 7^^^ '"^ °''' '^''^y- ^^"^ «^ *^^^ ^^'-^^tions was sorted under

identified snmpf,-^ ."
^^""^^ ^""^ ^^^^ fragments were then removed and

1^.

The coimfc r^i^ ,..u-i
ed

<•

tions

m animal. Weundertook further statist
4

"isnsiEr^
or combinations
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fabac

2%
maI vac

cheno

2%

lump

1%
other

3%

Irggrass

3%

smigrass

14%

Bolivian Samples

Camelidn=15

wirakoa

3%

cyperac

5%

relbun

3%
cheno

other

3%

unid

5%

Peruvian Samples

Camelid n=7

smtgrass

62%

smigrass

6%

cheno

7%

Argentine samples

Goat n=3

N.B. The Guinea Pig samples (n = 5, from Peru), including one unbumed sample (see

sample 23 in Appendix 1), contained no identifiable seeds.

Pie charts showing relative composition of seeds from burned dung

. P • i.u« /^«o nnhnmpd camelid sample IS
FIGURE 2

samples by region and animal; for comparison, the one unbumed camel

shown in Figure 1.
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RESULTS

Wepresent the results of our burning experiment in two major categories; by
animal producing the dung and by the region where the dung was collected.

' complete data set is listed in Appendix 1. Both the region and the animal
maffected the results. It is unfortunate that due to the limited samoles avail-

two variables com
some

record via burnt dung.

By animal. —In this larger sample, animal-^ M,.»,.«i. —ill uus idigei bdinpie, ammai type (ana region; did nave a significant

effect on what seeds are contained in the dung, unlike the pre-test when there

Wewere unable to examine
animal

Argentina and we had no camelid dune from there. Therefore

both (Figure 2).

animal

animal^x.^ ^.ii^xeiii^t: 1^ ciudny reiatea to meanimal species. Guinea pig dung, Doti

charred and uncharred, contained no recognizable plant macroremains from ei

ther Bolivia or Ppm (Wc^ u^^ ^r. ^,,: :^ j r a .• _ \ a ^^^r.^ll

guinea
(We had no guinea pie dune from

differences emerge from an analysis of the contents of the eoat dung

camelid dune from

seeds/sam
samples average 4.60 plant taxa/sample (4-46 total seeds /sample). Thus
was more productive of seeds than camehd dune, and the eoats £

discrimin
less

that

camehds

communities
assemblages are compared

«^^: i-U^ A^fff^rf>r\cehe'

tween the two animals is noteworthy. The environment
is a atively sparse, high, dry

)le for grazers when com
(Weberbauer 1945: Pnlcr.

of the

the altiplano, high and cool, but slightly wetter

the Peruvian puna, which is like

Though
(Weberbauer i^, —

broader range

Wemay infer that goats are less di'scriminatine erazers than camelids,

^^^ uit; goats ranged across more microenvironmental
1 he eight most comm>

taken together (in decreasing order
grasses, 3) Chenopodium (ChenoDoc

grasses (m

lies.

. .u.a ..... au .ai 5. animal dung samples

icy) are l)Relbuniwn (Rubiaceae), 2)
small

) Malvaceae, 5) Fabaceae (wUd legumesj

ainly Stipa ichu), 7) Cyperaceae (sedges), and 8) Cactaceae. These

ced in a simple disrnminafr^ nriiit.cic ^Q ac; rvmrpdure DISCRIM) W
test the ability of the plant assemblages to associate with and therefore identify the

animals producing the dung (Table 2). Based on this analysis, 100% of guinea P»g

as^f^^J^ T'"
'"'"^'^'y '^^^^^i^i^d, 67%of goat samples (with 33%misidentifted

Ledl^
^' ^^.

^^^^"^ ^^ ^^^^^ dung (both BoUvian ind Peruvian samples)-
One

seedless camelid sample was misclassLd as guinea pig.

!

I

f

\

J
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TABLE 2. —Discriminant analysis by animal taxa.

ANIMAL Guinea Pig Goal Canu-lid Tnt.ij

Guinea Pig 5 S

100.00 0.00 0.00 100 00

Goat 2 13
0.00 66.67 33.33 lODW

Camclid 1 22 23

4.35 0.00 95.65 lOOOn

Total 6 2 23 31

19.35 6.45 74.19 100.00

Priors 0.1613 0.0968 0.7419

These clusters suggest that the seed taxa should allow us to identify correctly

the animal that produced the dung in these different environments. Th<.M« results

also have interesting implications for analyzing Colonial assemblages, where sheep,

goat, or cattle dung may have been used as fuel in addition to camelid dung. If

these dung occurred on a site, we might be able to model their entrance into the

deposits and therefore the extent of their use. Archaeologically, howe\'er, the only

two fuel dung sources were camelid and guinea pig, and our results make clear

that any identifiable macrobotanical remains from dung would be from camelids.

For the altiplano therefore, we are only concerned with the seeds that entered the

pre-contact archaeological record via camelid dung use.

—The differences in the plant taxa found in the dung are most striking

ons are comnared. The three sources of dune —Boli\'ia, Peru, and Ar-

By region.

gentina —occur in quite distinct proportior\s (Figure 2). The

(n grasses. The

camelid assembla rasses, with sign

(Th

samples from Peru contained no identifiable seeds.) The fifteen

dominated

Malvaceae

We
than by animal. We

most common
tify the region from which the dung came from the plant assemblages present m
the dung (Table 3). The region was correctly classified in 67% of the Argentme

samples, 88% of the Peruvian camelid samples, and 94% of the Boln-ian samples.

In an attempt to refine the discriminating power still more, the four most com-

mon taxa from each location were combined to create new^ discrimmating \anables:

FACTARG,FACTPERUand FACTBOL. FACTARGincludes Cactaceae + Chenopo-

peraceae, FACTPERUhas small Poaceae + Fabaceae

312 + Cyperaceae, and FACTBOLincludes Relbumum

+ small Poaceae + Malvaceae + large Poaceae. Using only these three vanables,

correct classification increased to 100% for Argentina, 88% for Peru, and

BoUvia (Table 4). Thus it would appear that we have fairly good regional

ture" plants within the dune seeds we analyzed.

small

ume) + Unknown

//

signa



220 HASTORFand WRIGHT Vol. 18, No. 2

TABLE 3. —Discriminant analysis by region.

SITE Argentina Peru Peru Bolivia Total

(goat) (camelid) (guinea pig) (camelid)

Argentina (goat) 2 10 3

66.67 0.00 33.33 0.00 100.00

Peru (camelid) 7 10 8

OOO 87.50 12.50 0.00 100.00

Peru (guinea pig) 4 4

0.00 0.00 100.00 0.00 100.00

Bolivia (camelid) 1 15 16

0.00 0.00 6.25 93.75 100.00

Total 2 7 7 15 31

6.45 22.58 22.58 48.39 100.00

Priors 0.0968 0.2581 0.1290 0.5161

TABLE 4. —Discriminant analysis by region, using regional factor variables,

defined by the four most common taxa within the dung.

SITE Argentina Peru Peru Bolivia Total

(goat) (camelid) (guinea pig) (camelid)

Argentina (goat) 3 3

100.00 0.00 0.00 0.00 100^
Peru (camelid) 7 1

^

0.00 87.50 12.50 Q.QQ mOO

4Peru (guinea pig) 4

^
OOO 0.00 100.00 aoo____ioaoo

Bolivia (camelid) 1 15 ^^

0.00 6.25 0.00 93.75 /^^^
Total 3 g 5 15 3^

9.68 25.81 16.13 48.39 100:2^

^^}ors_^^__ 0.0968 0.2581 0.1290 0-516^

It IS a worthv\^hile exercise to compare the plant assemblages in dung
different regions with contemporary regional plant communities. The ]

and Argentine dung assemblaees correlate fairlv well with the known

The

t communities. The dry landscape around Cachi, Argentina, is dommatea uy

and leguminous trees, as is the archaeological wood assemblage (Heyne 19^
|-

Peruvian camelid samples were collected in the high moist puna, an area dom

i by grasses (Weberbauer 1945; Pulgar Vidal 1946). The presence of seag

PQf«f>..f^.

—

i:j. J . „ , V. streams—
^^"""*''^^

areas.

grazing ranges, a preferred habitat for sedges. In fact, camelids do like

The Bolivian plant community is somewhat anomalous when compare

the plant taxa represented in our sample dung from that region. WewouW
have predicted the high percentage of Relhunhim found in the dung given the

mgplant community in that part of the Tiwanaku Valley. The camelids from w^
the dung was collected graze primarily in the enclosed precinct of the arcn^
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The

the 16 Bolivian camelid dung samples that we studied, are (in order of abund.ince):

small Poaceae, Malvaceae, large Poaceae, Fabaceae (wild legume), Chcnopodium,

Cruciferae, and Plantaginaceae. However, a botanical reconnaissance of the area

domi

Astcraceae)

{Men Dm
\x

Wri

erentially on Relbunitim. If this is so, Rclbuuium present in carbonized archaet^loga al

assemblages from the altiplano, or at least in the Tuvanaku Valley sites, may scrx e

as a "signature" of burnt camelid dung. However, some RcWumumspp were used

in the pre-Inka Andes as source of a red dye, so there could be other explanations

for the presence of this taxon in a site.

Pearsall (1988:103) identified seeds from three modern camelid dung samp es

from the Junin puna, a high, wet plain like the puna from which we collected the

Peruvian camelid dung. She found the following taxa in those samples: Cyperaccae,

Caryophyllaceae, Opuntiafloccosa (Cactaceae), Sisyrinchmm (Indacepe), Rcllmuwu,

Calandrinm (Portulacaceae), Lupinus (Fabaceae), and Poaceae of various sizes^Sev-

eral of these taxa also occur in our modemBolivian and Peruvian "me^id dung

samples, listed above. Flamiery had PickersgiU look at the llama food pr^ference^

in Ayacucho as part of his herding study (Flam^ery, Marcus, and ^^X";^^^^;^^^^^^^

There, the camelids preferred grasses, Malvaceae, cf. Lycopodnnn (
Wd^^^^^^^^^^

a wild leeume (Astragalus), lichens, and several Asteraceae. This u as a broad d et

ement
(Bryant and Farfan 1984). These alter v

^.r;.^. too consume a broad diet. While

camelidsnave learnea mat lar^e cdiut^iiu^ '^"n ^^^v * j
,

'^ . \ ^^^ x.^m Ipp-nmes

prefer grasses, Cyperaceae, with some Plant^so
(""''•^'"X ve ^^ Shci

(Bryan? and Farto 1984:333). Of course, the
^,^r'l^_^^"^f^::^:Z:-L^

frequencies. Thesimilarih
-aicuai^eis, wuicii luigiL. ax.v.v.. ...^ tr—

„r.c;cp« and wlld Icgumes arc com-
these analyses suggest that Relbunmm, wild grasses, ana w la b

mon and preferred camelid foods in high ^1^-*^°" 8^^!^^"^^^

Pearsall's Licate a special place for ReW.uu.n.J^e^^^^
three of our seven Peruvian puna

samples, and in all 16 of our samples from Bolivia.

IMPLICATIONS FORARCHAEOLOGICALINTERPRETATION

ung samples from me vanou. -_^-: -:;:, .-.^r^eed
^ rf^i II IIJl ^^ v4^* ^^^ fc*»-' *^ —^

from a specific study region and_its^f^s^^f^

examine
gnature" taxa

zones. It would be worthwhile to exaiim.. .

Calamaawstis and Poa. in conjunc-

such as Relbunium and the wild grasses, such as ^aa J starters, one

dung fragments

ems
found in soil flotation sam
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dung are different than in the dung fragments, we may better understand the

effects of dung fragmentation. One could also construct a "weighting" or "mark-

ing" variable for the regularly occurring dung seed taxa and apply it to interpret

contexts where that combination of seed taxa occurs. Some excavation locations

would have both dung fragments and these dung seed taxa, but some may have

only the seeds. In either case, we could use such "marking" to characterize more

sensitively the distribution of dung at sites, and to gain hints about the processes

by which the fragments have broken down. In this way we may be better able to

infer the presence of camelid dung as well as gain information about the levels of

trampling and destruction that may have occurred in different locations on a site.

CONCLUSIONS

This modest experimental study demonstrates that camelid dung burned as

fuel is a likely source of seeds in Bolivian archaeological flotation samples. Dung

seed content appears not to differ significantly in different burning atmospheres.

some taphonomic seed loss from burnin

from
son of the year, and the region. In particular, guinea pigs tend not

camelids
m

role

vbe

certain animals
//

gnatures" of dung
most seem

The seed-from-dung assemblage
areas are

same (with some notable exceptions), their proportions vary signifi An

camelids. For exam

mblages of "likely dung seeds

landscape are beine most stror

found in modemTiwanaku cair

. „^i. ^,,^-T-^c-f fK^af thptjp animalsdung reflect a pampa grassland diet. They d(

access to wetlands, as did their Peruvian congeners.
"""

However, there are some notable problems to this approach. First, the source

of "likely dung seeds" cannot be unequivocally assigned to the burning of dung.

edges, and other small weedy taxa may have been used as construction

.
in wool dyeing, or directly as fuel, or they may have been by-produc

of other activities such as pottery manufacture, winnowing, or sieving of ^ropS' ^

well as entering the archaeological assemblage through natural processes i^^^^^,

1988). The results of our experiments show that dung regularly contains see

and that if dung was being used regularly as a fuel (as is attested by

materials

;ments of dung), many taxa probably came

plant taxa present in the landscape in which the animals were feeding; as

ly reflect th*

from The

I

f

f

f

I

f
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samples have a preponderance of Relbiuuum, a plant which is not as common in

the landscape as its proportion in the dung would suggest. However, the remain-

ing seed taxa do reflect the grassland habitats in which the animnU like lo fcH?d.

The presence of certain species may also represent the season during which the

dung was deposited. Provisioning animals with fodder, such as \v* sec loJay willi

animals given totora reeds {Scirpus sp., Cyperaceae), could skew the interpreta-

tion of the ecological zones the camelids were using.

This study of seeds obtained from dung samples and the models wc have

constructed of how those seeds might enter the archaeological record repnwcnl an

important step in learning to deal with those small, dense, weedy seeds that make

up the majority of archaeological flotation samples in the soutb central Andes, as

in other xerophytic places of the world. Tlie patterns of seeds wc have identified

may contribute to the analysis of past landscape use, foddering activities, camclid

husbandry, as well as dung use at archaeological sites.
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NOTES

^Work at Tiwanaku was undertaken under the auspices of Proyecto Wila jawira co-a.-

rected by Prof. Alan Kolata of the University of Chicago and ^svvaldo Rivera S of the

Instituto Nacional de Arqueologia de Bolivia. Systematic soil ^^"^P f f'\ton !nd iwT
ations in 1989, 1990, and 1

(modThese were processed with a mechanized flotation machine (mod. riea aru-^-- ''

and the light and heavy fractions were sorted and botanical ^^"^^'^ ^re ter than 03 mm

extracted and where possible identified, to family if not to genus. All flotation and anal> s,s

procedures are described in greater detail in Wright et al, in press.
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